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Monitoring the incidence of human immunodeficiency virus (HIV) infection among men who have sex with men (MSM) is imperative for developing targeted prevention programs and evaluating their effectiveness. The authors used California counseling and testing data to estimate the temporal trend in HIV incidence among MSM in California. HIV incidence rates were retrospectively calculated among MSM who had received at least 1 HIV test at a public California counseling and testing site between 1997 and 2007 and had a prior HIV-negative test from any HIV testing source. All study subjects were weighted on the basis of the interval between the last HIV-negative test and the current HIV test to account for the right-truncation bias introduced by more frequent testers. The authors observed that the HIV incidence rate among MSM in California increased from 2.0/100 person-years (95% confidence interval (CI): 1.8, 2.2) in 1997 to 2.4/100 person-years (95% CI: 2.2, 2.6) in 2003 and then decreased to 1.9/100 person-years (95% CI: 1.7, 2.0) in 2006. Trend analyses showed that both the increase (P < 0.001) and the decrease (P < 0.01) were statistically significant. The study showed that HIV incidence among MSM in California had decreased since 2003.
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Three decades into the human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS) epidemic, men who have sex with men (MSM) continue to be the risk group most affected by HIV/AIDS in California and the United States (1, 2). Continuously monitoring the incidence of HIV in this population is imperative for developing targeted prevention programs and evaluating their effectiveness (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
The traditional method of assessing HIV incidence is conducting longitudinal studies, which are costly, complex, and prone to selection bias (8, 14, 15) . In addition, the longer the cohort is followed, the less likely it is that its members will still be representative of the MSM population from which they were recruited, because of selective attrition, with persons at higher risk often having lower rates of follow-up. It is also very difficult, if not impossible, to recruit a statewide representative sample of MSM to be included in a longitudinal study for a state as large as California. Many researchers have used the Serologic Testing Algorithm for Recent HIV Seroconversion (STARHS) method, which differentiates recent HIV infection from long-standing HIV infection, to estimate HIV incidence (7, (16) (17) (18) (19) (20) . Based on STARHS, the Centers for Disease Control and Prevention (CDC) established an HIV incidence surveillance system in the United States to track new HIV infections (21) . However, estimates based on STARHS may also be biased because of early testing in recently infected persons (22) , and false positives may occur among AIDS patients and HIV-positive persons receiving antiretroviral treatment (23) . Another major issue is that HIV-positive samples sent for STARHS testing are not randomly selected, and the estimates of HIV incidence may not be representative (24) .
As an alternative, researchers have used existing HIV testing data among repeat HIV testers to estimate HIV incidence (18, (25) (26) (27) (28) (29) (30) . The obvious advantage to this method is low cost resulting from the use of existing data. However, one inherent limitation is that available data may not be representative. MSM clients who visit publicly funded testing centers do not represent all MSM in the community, and they may have higher risk than those who seek HIV testing at other venues (31) . Another major limitation (first reported by Kent et al. (32) ) is that the presence of more frequent testers, who tend to be at higher risk and to have higher incidence rates, produces a right-hand truncation bias when incidence is estimated over shorter time periods, such as 1-year intervals. Estimates of incidence from test sites decrease when more years of data are included in the analyses (32) .
The HIV testing data among repeat HIV testers do not provide us with a representative sample of MSM for a valid estimate of HIV incidence. However, such data may provide valid estimates of trends in incidence if we have multiple years of data and if right-hand truncation bias can be corrected. Our purposes in this study were to 1) develop a weighting mechanism to correct the right-hand truncation bias caused by frequent testers and 2) examine the trend in HIV incidence among MSM in California by applying this weighting mechanism to analyses of California counseling and testing data.
MATERIALS AND METHODS

Study population
The California Department of Public Health, Office of AIDS, supports approximately 2,000 HIV counseling and testing sites throughout the state that include primary care facilities, community health centers, health department clinics (including sexually transmitted disease and tuberculosis clinics), alcohol and drug treatment centers, detention facilities, street outreach testing sites, mobile vans, and youth drop-in centers. On average, approximately 18,000 HIV-negative MSM are tested for HIV infection at these sites in a year.
During a pretest counseling session, trained counselors use a standard form, the HIV Counseling Information Form, to record clients' demographic characteristics, sexual risk behaviors, drug-use behaviors, and history of HIV testing. Men were classified as MSM and included in this study if they met the following criteria: 1) age 18-64 years; 2) history of sex with another man in the past 2 years or since the most recent HIV test (the method of collecting sexual history changed over time to include both of these questions); 3) receipt of at least 1 HIV test at one of the California counseling and testing sites from 1997 to 2007; and 4) a self-report of a prior HIV test with a negative result from any HIV testing source. 
Weighting
Men who were tested more frequently had a higher probability of inclusion in the annual incidence estimates. Thus, we weighted the data to account for the bias introduced by the more frequent testers. All men were weighted with an initial weight (W i ), which was the inverse of the possibility of being included in the calculation of an annual incidence rate, and a final weight (W f ), which was adjusted to the sample size:
where N ¼ sample size, t 1 ¼ time (in years) between the last HIV-negative test and the current HIV test, t 2 ¼ years of data used for HIV incidence calculation,
and
Statistical analysis
Summaries of the characteristics of MSM over the 11-year period of the study were based on de-duplicated cases within each year. However, no de-duplication was performed for the HIV incidence calculations, because our interest was to use person-years to estimate the rate. That is, a man who underwent testing twice a year contributed the same number of person-years as a man who underwent testing once a year.
Unweighted and weighted HIV incidence rates were computed with different numbers of years of data used to demonstrate the right-hand truncation bias. The trend of HIV incidence was based on the weighted analysis in which right-hand truncation bias was corrected. Weighted HIV incidence rates with 95% confidence intervals were computed on the basis of the Poisson distribution with SAS 9.10 statistical software (SAS Institute Inc., Cary, North Carolina), and weighted Cox regression models were used to test the temporal trends with SUDAAN statistical software (RTI International, Research Triangle Park, North Carolina).
RESULTS
MSM from the sites funded by the Office of AIDS who met the study criteria between 1997 and 2007 were included in the study. Because not all sites had MSM clients, because some small sites did not have eligible MSM clients in some years, and because some sites opened, closed, or merged during the study period, the number of sites that contributed data varied over the years. The study subjects' characteristics are presented in Table 1 . The age distribution was relatively stable, but the racial/ethnic composition changed over the years. Table 2 presents both the unweighted and weighted results obtained using different periods of data. The unweighted results demonstrate the right-hand truncation bias. This bias resulted in decreasing estimates of HIV incidence as additional years of data were included in the analysis and thus shorter periods of data, yielding higher estimates of incidence. When 1-year (1997) data were used to estimate the HIV incidence among MSM in 1997, the unweighted HIV incidence rate was 2.4/100 person-years; when 11-year (1997-2007 ) data were used, the unweighted HIV incidence rate decreased to 2.0/100 person-years. Differently from the unweighted analyses, the weighted results showed stable estimates of HIV incidence rate with 2 or more years of data included in the analyses.
We selected the HIV incidence rates based on 2 years of data for consistent and valid trend analysis and maximum use of the data ( Figure 1A) . That is, the 1997-1998 data were used to estimate HIV incidence in 1997; the 1998-1999 data were used to estimate HIV incidence in 1998; and so on. With a total of 11 years of data from 1997 to 2007, we were only able to obtain 10 annual estimates of HIV incidence from 1997 to 2006, because the 2007 data alone were not sufficient for the estimation of HIV incidence in 2007.
Overall, HIV incidence among MSM tested at the California counseling and testing sites increased from 2.0/100 person-years (95% confidence interval (CI): 1.8, 2.2) in 1997 to 2.4/100 person-years (95% CI: 2.2, 2.6) in 2003 and then decreased to 1.9/100 person-years (95% CI: 1.7, 2.0) in 2006. Trend analyses showed that both the increase (P < 0.001) and the decrease (P < 0.01) were statistically significant. Figure 1B shows that from 1997 to 2004, AfricanAmerican MSM had the highest estimated HIV incidence, followed by Hispanics and whites. However, the differences in HIV incidence between African Americans and Hispanics became less pronounced over time, and African American rates were similar to Hispanic rates in 2005-2006. This was due to a substantial decrease in estimated HIV incidence among African Americans, with estimated HIV incidence among African Americans tested in these settings dropping The results were generally in line with the estimates made by the CDC in 2008, which reported that there has been an increase in HIV incidence among MSM since the early 1990s (10) . However, in our sample, we also observed a decreasing trend since 2003. To our knowledge, this is the first study that has found a decrease in HIV incidence among MSM in the United States since the early 1990s.
Temporal trends in HIV incidence varied across subgroups. Although African-American MSM still had the highest estimated HIV incidence among racial/ethnic groups, a steady decrease over the study period was observed in this group, from 4.8/100 person-years in 1997 to 2.3/100 person-years in 2006. It is concerning that MSM aged 18-24 years had the highest HIV incidence during the study period. Given the high prevalence of unprotected anal intercourse and drug use in this population and other associated risk factors, including lack of direct experience of the AIDS epidemic and optimism surrounding antiretroviral treatment, early and sustained prevention programs tailored to their needs are required (33) (34) (35) .
Our study replicated the right-hand truncation bias phenomenon reported by Kent et al. (32) : that the estimate of HIV incidence decreases as more years of data are included in the analysis. The bias could be explained by the fact that men who underwent testing for HIV infection more frequently had a greater chance of being included in the study, and hence an unweighted estimate would be biased towards these frequent testers, who had more risk behaviors and therefore higher HIV incidence (28, 34) . As more years of data are included in the analyses, the bias is diluted and the results are closer to the true HIV incidence.
To reduce this right-hand truncation bias, we weighted the data on the basis of participants' possibility of selection. Men with shorter testing intervals had a greater chance of being included in the study and hence received lower weights, and men with longer testing intervals had a lesser chance of being included in the study and hence received higher weights. Our results demonstrated that weighted analysis with 2 or more years of data provided stable estimates of HIV incidence, but estimates from 1-year data were substantially biased. Because we estimated the date of HIV seroconversion as the midpoint between the last HIV-negative test and the first HIV-positive test in order to reduce the impact of HIV testing campaigns, and because few infections occurred in the same year as HIV tests, additional years of data were needed to obtain unbiased estimates of HIV incidence. The number of years of data needed depends on the frequency of HIV testing in the population studied. In our sample, 90% of MSM reported a testing interval shorter than 3.2 years, with a median of 0.9 years, and the results showed that 2 years of data were sufficient to provide stable estimates. When we use this method to estimate HIV incidence among populations with a longer HIV testing interval, more years of data may be needed. By weighting the study subjects on the basis of their testing interval, we could also reduce the impact of HIV testing campaigns on the estimates of HIV incidence. Given the high rate of HIV testing among MSM, HIV testing campaigns actually made some MSM undergo testing more frequently and reduced their testing interval. With a shorter testing interval, each of those men would receive a smaller weight, and hence HIV testing campaigns would not affect the estimates of HIV incidence using weighted analysis. We recognize several limitations of our study. Firstly, we only included MSM who underwent testing at publicly funded California counseling and testing sites; MSM who never received an HIV test or were tested exclusively at other sites were not represented in the sample. If a particular risk group of MSM were moving toward or away from publicly funded HIV counseling and testing sites because of the expansion of HIV testing or for other reasons during the study period, the trends observed in this study might not reflect the changes in HIV incidence but the changes in HIV testing behavior. Secondly, study subjects' behaviors and testing history results were self-reported and thus subject to recall bias. Thirdly, because the data were collected at more than 2,000 sites over a period of 11 years, the quality of data collection varied across sites and years. Lastly, since the main responsibility of counselors was to provide counseling and testing services rather than collect data for research studies, the counselors collected very limited information from their clients using the HIV Counseling Information Form. With very little information, it was difficult to identify unique subjects during the study period or validate the information collected by linkage with other data sources.
The intention of our study was not to provide unbiased annual estimates of HIV incidence among MSM but rather to provide trend estimates. Given the high rate of HIV testing among MSM in California (36, 37) ; the wide coverage of our sample, with more than 2,000 testing sites throughout of the state; and a sample size of approximately 18,000 per year, the trend in HIV incidence among MSM in our sample may well reflect the trend in HIV incidence among MSM in California.
Our study observed an increasing trend in HIV Our study demonstrated that right-truncation bias caused by more frequent testers could be corrected by means of weighted analysis when analyzing counseling and testing data. We observed an increasing trend in HIV incidence among MSM in California from 1997 to 2003 and a decreasing trend from 2003 onward. However, we should be cautiously optimistic about the observed decline in HIV incidence among MSM given the limitations of the study, and we should compare these findings with the results from other studies and the data from 2 surveillance systems, the HIV Incidence Surveillance System and the HIV/AIDS Reporting System, when the information is available. Since there was no significant decrease in sexual risk behaviors among MSM during the study period (36, 38, 39) , if the decline is true, it could be mainly attributed to both HIV prevention efforts that increased HIV testing among MSM and wide use of highly active antiretroviral therapy in California. In 2003, the CDC launched a new initiative, Advancing HIV Prevention: New Strategies for a Changing Epidemic, with 4 key strategies: 1) make HIV testing a routine part of medical care, 2) implement new models for diagnosing HIV infection outside of medical settings, 3) prevent new infections by working with persons diagnosed with HIV and their partners, and 4) further decrease perinatal HIV transmission (40) . The new initiative and other prevention efforts have increased the proportion of HIV-infected MSM who know their HIV serostatus by improving access to HIV testing services in community and health-care settings, and men have changed their sexual behaviors after their HIV diagnosis and hence reduced HIV transmission (41, 42) . With the beneficial use of highly active antiretroviral therapy within existing medical guidelines to reduce HIV transmission (43) and an increasing proportion of HIV-infected MSM receiving highly active antiretroviral therapy during the study period (19) , wide use of highly active antiretroviral therapy in this population should also have played a big role in the recent decline in HIV incidence observed in this study.
